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0 A ftamperature sensing devloe and a temperature aansing dreult usino ftiioh a dawlee. 



® A semiconductor body (10) has a first region 
(13) of one conductivity typo a^liacent one major 
surface <10a] within which is formed a semiconduc- 
tar device (Bx) having a resistance which varies with 
temperature. The semiconductor devtee <l^) Is 
formed by a second region <i 4) of the opposite 
conductivity type formed within the first ragicMi (13) 
and a third region (15) of the one conductivity type 
formed within the second region (14), with first and 
second electrodes (16) and (17) being spaced apart 
on the ftiird region (15) so that a resistive path Is 
provided by the tNrd region (15) between the first 
and second electrodes (16 and 17) and a refiarence 
etectrode (18) connecting the second region (14) to 
a reference potential. The imptirity concentrations 
within the second and third regions <14 and 15) are 
such that tlie semicondyctor device (Rx) has a tem- 
perature coefficient of resistance which changes, 
generally increases or falls only slightly, wrth ab- 
solute temperature such that the relative temperature 



coefficient off reststanoe referred to the sensed tem- 
perature is substantially constant Flespectlve tem- 
perature sensing devices may be provided adQaoent 
to and remote from an active semiconductor device 
to provide a differential temperature sensor. 
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This invention rdiates to a temperature denying 
device and a temperature sensing circutt usfng 
such a device. 

Temperature sensing devices have previously 
been propoeed which use a semiconductor device 
an the form of a diffused resistor ttonnr>ed ^ daffus- 
ong into a somioonductor body of one conductivity 
ttype imipgnities of tfie oppi:»$it9 conductivfty iiype 
providing first and second eledtrodes speoed-apart 
on the dfffu5@d region so ttvat the difftieed region 
providea a resistive path between the first and 
second dtoctrodes. Suoh diffused resistors have a 
positive temperature coefficient of resistance, that 
is their resistance frKreases with temperature and 
can thus bo used to sdnse temperature. 

US ff'atent No. 4092662 descarit^es a tempera- 
ture sensitive resistor in wfilch the temperature 
coeffrcidnt of resistance is aslected &y selecting 
ths dopir^ oil the dqf?us>sd) resistor. The diffijsed 
rosisllor formed in an isoiatBOTi well and orte of 
the rasistor eiectrodes is filactricariy shorted to the 
Isolation well- Several of these resistors may be 
connected in series to enable eontrot of tt^ voltage 
coefficients of resisitance. 

{PHB33507) describes an e»am^ 
pie of a temperature sensing circuit in which the 
voltage across a diffused re^sflor temperature 
sensing device is compared wi^ thsrt sxmss a 
seoofKt temperature sensing devicd fiiavlng a nega- 
tive temperature coefficiont of resistance, tor exam- 
ple a diode, to provide a mora acoanrato MicatEon 
of the sensod temparatim. 

Diffused resistors do however tend to have a 
temperature coefficiient oir resistance which vsries 
significai^ly with temperature* In particular, the 
temperature ccefftcient off resistance of a dlfSused 
resostor tends to ^18 or decreeise ^th tempsraitiJire^ 
Qfisat OS the incndi&ea in reslstancxa \^ temperature 
beoorf«as smaller at hc^or temperatures, ^fch 
csn present problema and Heed to less accurate 
temperature sensing in some appiications. 

According to the present invention, there is 
provided a temperature sensing device comprising 
a semiconductor body having a Hrst region of one 
conducttvrty type adjacent one rns^or surface within 
vyfilch is fomrted a semiconductor device havir^ a 
rssistance which vailes with ten>p^ai!ure. charac- 
terised in that 1^ semlcont^luctof diode comprises 
a aacond region of the opposite oonductmty type 
formed within the ffrsi region and a third rogicn of 
the one conductivity type tormed within the eeoond 
region, first and second electrodes spaced apart on 
the third region so that a reslslive path is provided 
by the tNrd region bsteveen the first and seoorrd 
eteetrcdes esid a refeneir^ otsctrada ffcw connect- 
irtg the second region to a irelTerence potential, the 
impurity concentrations within the secoTid artd third 
regions t>eing such that the temperature coeffi* 



cients of resistance of the diffused restetor formed 
by the third region and the lunctlon fiefld effect 
transistor like statcture formed by the second afKi 
third regions counteract to provide the semloonduc- 
5 tor device with a temperature coeffjcient of resis- 
tarros wftich changes with g^bsolute tem(p€irature so 
that the relative temperature coofflcleftt of resis- 
tance referred to nhe sensed temperature is sub- 
stantially co(nstent. 

10 In a temperature sensing device in scooidance 
with the invention, the impurity concentrations with- 
in the second and third regione are such that the 
temperature dependence of the rosietence of the 
diffused resistor formed by the third region artd of 

r« the jundlion ffield eftect transistor like structure 
formed by ths secorDd and third regions ccuntersx^ 
to provide the semiconductor device with a tem- 
perature coefficiem of resist&tce which changes, 
generally increases or falls only eiightly, with at>- 

ao solute temparature such that the relative tempera- 
ture coefficient of resistance roterred to the sensed 
temperature ia substamiatly constant. 

in contrast a conventional diffused resistor 
which has a temperslurs coefficient of resistance 

2S which fairs or decree^ significantly with tempera- 
ture. As the relative temperature coefficient, that is 
the temperahire coefficient referred to the sensed 
temperature, of a temperature sensing device In 
acoordanoe with the invention ie aubslantlally con- 

ao stant more accurate tempeanature sensing should 
be possibBe. 

The s9oon6 region may have a surface impu- 
rity concentrntion In the rsgbn of HO to 113 x 10^^ 
atoms cm~2 and the third region may have a 

55 Surface impurity concentration rn the region of 2 to 
3 tt 10^* atoms cm"*. Typacally th«& second region 
may have a smrtece Impvrlty concsntr£3icn surface 
of 13 X moms cm"' and the third region may 
hsA^e a ifv^ufity concentration of 2.3 x 10^ atoms 

40 cm~^. The second r^ion may have a depth of 
about 2am and the third region a depth of about 
0^ to 0.4«un. 

A tempsradture sensing circuit in acoordance 
with the invention for sensing the tempeirature of an 

4s 8cth/e semicof)dijictD7 device fnay compTise at least 
one temperaturo sen^ng device provided sA a first 
position adjacent thd active semiconductor d9vice» 
at teast one other temperature $<snsing cDevoce pto- 
vtded at a second position ramote from tha active 

so sstnlooTtductor device and means resiranslve to the 
temperature sensing devices for providing a oontroT 
signal to awiich of the active semiconductor device 
when the difterence in ths> temperature sensed by 
the at toast wo tempettiture seneing devices ex- 

95 ceeds q predetermined vaKve. 

A tempsxature sensing circurt in accordanoa 
with the invention thus provides respective tem- 
perature sensing devices one close to» and the 
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otner further from, the activ© devfce so enabling 
th© temperature difference Ijetween tSr\o two tem- 
perature sensing devices to be determined. In cer- 
tain ccndttiorrs in active semiconductor devices 
9ughi as power MOSFETs. tor exaniple, wDere a 9 
low resietance {say about lOt^o), Do&d 9s con- 
nected between ground and ^e acth« semicon- 
dt^ctor dSevice» tKa temper&iiiro at the centre of eho 
active semiconductor device rieee much nrtore 
quicMy Hhan fhat of the surrounding eemioondUGtor 
body so © 9teep temperature gradient occurs 
at the periphery of the acSlvc semiconductor de- 
vfce. A temperature sensing circuit in accordance 
with ihe Invention allows this steep temperature 
gradient Ho be deteotied and to be ueed to provkile is 
a signar to ewltch off the active eemioonductor 
device befbre It overheats significantly. Accood- 
ingfy, excoasive temperatures can be detected 
quickry and the circuit can be particuteriy senaitive 
to temperature c&ianges. 20 

Fttrtherrvwe. because tempsi^ature sensing de^ 
vices in accordanca with the invention have an 
effective temperature coefficient of resistance 
whiclh changes with temperature so that their ireld- 
tive temparature ooeffictent of reeietance remains 2s 
substantltfly conatant the predetermined value or 
critical differanttal temper&ture ahoutd remain sub- 
stantially constant regardtees of the initial absoCute 
temperature and sccordir^ the drcint v^W main- 
tain a stttbstantially cwistant sensitivity to drffieren- 30 
tiaf temperature r^rdless of tfie actuafi tempera- 
tures sensed. TTiis contrasts to the situation where 
diffused resistor temperature servsing devices are 
used tn such a circuit where the differential tem- 
perature at which the circuit Diips, that is the pre- as 
detenninad vaiuie, cvill actually ^i ^th tempera^ra. 

On one OBtampCe of a temperafture aenaing cir- 
cuit in Booordarrae vvf^ the invention for een^ng 
the temperature of an active semiconductor device 
first and second temperature sensing devices are 40 
provided at a first position adjaoant She active 
semiconductor device and third and fourth tem- 
perature sen^ng devices ere proviided at a second 
position remote from th$ active semiconductor de- 
vice, the tefuperature sensing devices being oon- 
neclad 9n a Wtieatstone bridge with the first and 
tliird devices and the aecorvf and fourtti deviceaf 
respecHvely, connected in serias ttaSwean first and. 
eecortd supply Unee and vm% the eeoond and third 
devices connected to the first supply line and the so 
(means for comparing a first signal representing the 
voltage at a first Junction t^etween the third and first 
devScea and a eacond signal representing the volt- 
sge at a second function between the second and 
fourth devices and flbr providing an output signal ss 
iwhich provides the control signat to switch off tiie 
active semiconductor device when the difterence 
betwBOT the first and second voltage slgrkals repre- 



sents a temperature difference of the predeter- 
mined value. 

Such a Wheatstone bridge arrangement makes 
ihe circuit more sensitive as the difference signal 
being detected is amplrited because the increase in 
t^psraturo and thus reaistanoe of tha first s^d 
second temparature sensitive devices acts to in- 
crease the voltage at tl^ first junction whereas the 
similar increasa in temperature experienced by the 
third and fburth temperature aeneltive deviceis acts 
to reduce the voltage at the second Junction. 

The temperature sensing circuit may further 
comprlee a transistor having it$ main current path 
connected betwee?! the first junction and the first 
etem<sint end airtothe^r transistor havir>g its msSn cur- 
rent path connected t»etween the second junction 
end ttie fourth eSement with the gates of the tran- 
arstors liaing oonneoted to one another and to one 
of the first and second Junctions. The incorporation 
of the current-mirror conncscted tranals&ors should 
enable a larger differential gain which results in a 
lower accurscy requirement for the comparing 
means. Also, ttecausa this arrangement ^ould 
have a higher sensitivity, it may be particularly 
useful wh^e tlrie eDements have a smaller tempera- 
ture coefficient of resistance or a higjher noise 
nnargin. 

Gonvsvilently, meane are provided for prevent- 
ing tha acttve aamtoonduotor device from being 
switched on &g&]n until ths temperature difference 
haa falleif) to a second pre^termin^ value below 
the predetermined valuo. Such an arrangement in- 
troduces a hysteresis into the circuit and thus pre- 
vents the arcuit frojn repeatedly switching the ac- 
tive sepniconductor device on and off for small 
chaf^ges in tsmparature. 

Embodmenta of the Irwentlon now be de- 
ecrfbadi by vvay of exampte. Yvith ndfereftce to the 
accompsnyingi drawings, in which: 

Rgure 1 is a cni^ss-sectional view through part 
of a semiconductor tmdy illustrating a tempara-> 
ture sen^ng device in accordanca with the in- 
ventioni 

Rgures 2 and 3 are graphs for illustrating the 
relationship Ijetween leirr»perature and the tem- 
perature coefficient of resistance of a tempera- 
ture sensing devSce In aocordanoa with the in- 
vention: 

Rgurs 4 sitows a circuit diagram fbr one em- 
tsodlment off a differential temperature eensing 
drcutt in accordance with the Invention; 
Rgure 5 is a oross-sectaonai view through part 
oif a semicomluctDr body in whfch the circuit 
shown Cn IRgwre 4 is fomied for IllusSratlng the 
strucSuro of varices oompiQjiBrrts; 
Rgure 3 illustrates graphScally a tyi^ical tem- 
perature profile Urom the centre to the periphery 
of a power M(^PET; 
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Figure 7 is a plan view of the seniioonductor 
body shown in iMut In Rgure 9 for Illustrating 
very 9Chem«tlcally possible relative locations of 
an acttve semiconductor and temperature sens- 
ing devices; and 

lRg<ur9 8 ^^ustrat^ s cIrcuH diagram for a modl- 
ffied version o? the dK?®Pi9Fv£iar temperature sens- 
ing drcuit shown In Rgura 4. 
It should be understood that Figures 1,5 and 7 
are mereFy sohematlo and are noa drfiMm to scale. 
In partioular certain dimensions such as the thick- 
ness of layers or regions may have t>een exag- 
goratod whilst other dimensions may have been 
reduced. It should also be understood that the 
same referenos numerals are used throughout the 
Figures to rndtcate the same or similar parts. 

Referring novy to the drawings especially Rg- 
ures t and 4. iher@ ss Illustrated a temperature 
sensing devioe comprising a semloonductof body 
10 having a first region 13 of one conduotivfty type 
adjacem one major surface 10a witMn wlhich is 
formed a semDconductor device R)< h^\nng a resis- 
tance which varies ^h temperature. The semicon- 
ductor device comprises a second region D4 of 
the opposite conductivity type formed within tffte 
first regk)n 13 and a Ihiird region 15 of the one 
conductivity type fomted ^thin the second meglon 
14, first end second electades 16 and 17 spacad 
apart on the thin:! roglon 15 so that a resiatpve path 
Is provided by the third region 15 between nhe first 
and second electrodes id and 17 and a reference 
etectn^de 18 for connecting the second region 14 
to a reference potential, the Impurity conoentratlons 
within the second and shird regions 14 and is 
being such that the « Qemperature coefficients of 
resistanos of tlh© diffused resistor dormed by tihie 
third region IS and the jurtctlon field efi?^ transis- 
tor Dike fitruchx^e fomied by the second and th&rd 
regions 14 and us oounteracft to provide the semi- 
conductor device RX with a temperature coefficient 
of re^stance « which changes with abedute tem- 
perature such tihat the relative temperature ccefffi- 
clent of resistanoe referred to the sensed tempera- 
ture is si^ikstantially constant. 

I7ius, because the temp^^rsture coafTicient of 
resistance « changes with at>solute temperature 
such thai the relative t^perature coofllicient of 
nesistanoe remains substantially constant the eon- 
sItivSty to temperature off a temperaiiure seneirtg 
devioe in acoonlance with the invention Is substan- 
tialfy independent of temperature, more accurate 
temparaturo sensing should be possible. $uch a 
temperature Senslr^ devcce is of particular advan- 
tage in m Hentipereture ssnsirtg cSircuit such as the 
IO710S 100(11 ooa, be Ascribed boSo^ with f>9fer- 
ence to Rgunss 4 and 8 m which at teast ort& 
temperature sensing devfce ftl,R£ is provided at a 
first position PI adjacent an active semicortductor 



device 11 whose temperature is to be sensed and 
at least or>e other temperature sensing device 
R3,n4 is provided at a second position P2 remote 
from Ihe active semiconductor device 1 1 and 
s means 6 responsive to ttie frrat and seco^wJ tem- 
perature sensing d<9vlc9S R1,R2 and R3,R4 provide 
a co(ntrol signaD to svntch off the active semicon- 
ductor device 11 when the diflerenco In thie ftann- 
perature sensed by the at least two tempersnture 

1^ eensing devloaa Rll,RS and IR3,n4 eicoeeda a pre- 
determined value, that is exceeds a orltloai dlf- 
ferentiaO temperalture ATc. 

In certatn conditions In active semicondluctor 
devices such as power MOSlFETs. for example, 

re wfiere a Oovv resistance (say about lOOmO), load is 
oonnected between ground eftd tha ectlve semi- 
corKductor devtce, the temperature et the centra of 
the active semiconductor device rises mudh more 
quidcly tiian that of the surrowid^ aemloortductor 

30 body eo that a steap tempsrature gradieott occurs 
at the periphery 12 of the active semiconductor 
dsvice 1 1 . A temperature sansing drcuit in accor- 
dance with xhQ invention sSlows this steep tempera- 
ture gradient to be detected and Id t>e used to 

25 provide a signal to switch o^ ths active semicon- 
ductor device before it overheats significantfiy. Ac- 
cordingly, exosssive temperatures can tse detected 
quictcly and ttte circuit can be partlicularly aenaifllve 
to temparatur® changes. 

so FurtheTmoife, bocausa the temperatursa aenalng 
cfevioas R1 to IR4 in accorcfeince with tite Imvemtion 
have an effective temperature coe5fic5ent of resis- 
tance which actualty changes with temperature so 
that their ralatlve t^perstura coefficieT^ of rests- 

ss tanoe remains substanticilly constant* the predeter- 
mcjied valud or diffferertn^al iMpera^ ahoulSd re- 
main suttbslar^aQy constant regardliass o/S the Initial 
abeolutB temparadura and aocaxniGin^y the circuit 
lOCMOOa will mainiSafn a subsflantiaJly conatartt ean- 

40 sitivrty to dl^renSar tBinparatuire regardlese of the 
actual temperatures sensed. 

Remaning now specifically to the examples 
shown in the Fig^s, Rgure 1 is a cross-eectionai 
v^ through part of ti?te semtconductor body 10. in 

45 this ©xampll®, the semiconductor body 10 com- 
prises a lowly doped (the doping conoentration 
may be on the area ityplcalfy used itor ilha drain diift 
regions of vertical power AAOSFiSTa) apltsotlatly 
grown layer oif n conductivity type sHioon 13 which 

50 may be provided (not st«own in Rgure i) on a 
more highly doped monocryatailine allioon sub- 
slirals. The epItBKlal layer 13 forms the first ireglon. 
The second megton 14 is fom^ as a planar region 
by luttirodirclinigp using an appropriate mask, p con- 

$s ducti>Hty type Impurltioa, generally bpron tons wMi 
a dose (whidh determifues the surf&ce ocTioantra- 
tions) in 1th9 region 10 » 10^^ to 13 x 10^ atcms 
cm-', white the third re^n 15 rs formed as a 
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planar rogton within the second region 14 by in- 
troducing impurities using an spproprlate mask wrth 
a dose in the region of 2 x tO" to 3 x iO^* atoms 
cm^2. An insulating layer » generally of silicon diox- 
ide and typlcelly l.8um thick. 19 is prodded on the 
one major smrf^ce II Oa and after opening contac!t 
wrndovtfs metalKeatsoA is depositeta to provide the 
first and eecor^ electrodes 16 and 17 and the 
reference efecQrode l& 

As indiosled In phantom lines (and shown un- 
fi\dtched in the interests of clarity) in Figure 1. the 
fviclairi$at(ori fdrvning the electrodes 16 J 7 and 16 
moy tTC patterned to define an aDectrostatic shield 
20 i^ich may be connected to an appropriate 
poiontial or may be elt9c3iricaUy osoSated or fiosttrtg. 
The otecirostatJc shield 20 may, as shown, be 
lormCKl with a break 21 In the area over the Ihird 
region 13 (Ke. batwaen thp electrodes 16 and 17). 
Tho resistance of the resistor may be fine-tuned by 
btasin^ tih9 ends off tho resisflor differently and by 
?Kl)tpstDno the location of ^e breSk 21 (that Is by 
moving rt cCoser to orke or other of the efiectrodes 
t6 «2nd 17^. 

Figures 2 and 3 illustrate graphlcallly the mea- 
sured (^aUtonships (in<!Sc&ted by dot points) be^ 
tween the temperature coeffident of resistance and 
temparatira for three different devioes with various 
different doses of arsenic and Iboron. Figure 2 pCots 
the nomiaHsed temperature ooeflSCvaint a„ <a rasfs- 
tance agaonst temperature in degtms Celsius 
whena Itihe temperature coefficien2 cr lis rrarmallsed 
t>y division by the temperature coefficient a ^ 27** 
that is so thst the temperature coefficient a at 27^ 
B t. Ft^re 3 plots the temperature coefficient 
normalised to eadh temperature interval against 
temporature T m degrees CelsSus (*C). ef^itivoly 
Figure 3 ptots fto temperatuire ooeffideinit at a 
given temperature normaliised t^/ith respect to that 
at tfta preoedir^ temperature and so Indicates the 
percentage change Am/or in the temperature coeffi- 
cienl. As will t}e appreciated Figure 3 thus In- 
dicates the slope Aa at seled^ points of ti^e 
graph of the temperature coeffldent against tem- 
perature More accurate results may be obtained 
tiy using smaller temperature intervals and so get- 
ting otoseiT Do a mathematical differequtiatioin of the a 
against T cuTve. Howrever iPigure 3 does serve to 
indicate at least roui^ly the p aro an laga change in 
the tempeFBtura coefficient « as a fu?ictio«i of tem- 
perature. 

In Figures 2 and 3 the actual measurement 
pans are Indicated by dots wtiile the respective 
linas ^Jb\ cjo' nt>ereiy connect t^ogether the 
measurement ptMtSi.for (the souroa device. 

Sofid tines si^s^' Illustrate Cha (rellatton^ip for e 
temporaturo eensing device H?t t^^here the second 
region 14 is formed by introducing t»yron cons to 
provide a surface concentrBtion (i.Q. the dose of the 



Implantation) of 13 x 10^= atoms cm"^ and the third 
region 15 is formed by introducing arsenic ions to 
provide a surface concentration of 2.7 x 10^? atoms 
cm"' wilTi the device having a resistance al 27**C 

9 of 175 Kilo-ohms, the dashed Hnes b.b* in Figures 
2 snd 3 indicate the r^attorfshop Ifor a device 
where the second ns^jion 14 has a surfece impurity 
corwenHration oJ 11 w tlO*^ gitoms cm"^ and the 
third regktn 15 has a surface concentration of 2.7 k 

10 10^* atoms om^' amsd a resistance at 27*C of 141 
KHo-ohms whilst the dotted linos c,c' indicate a 
devloo in which the second r^gkin 14 has a 
aurface concentration of t3 » 10^^ atoms em-^ and 
the third regkm 15 has a surface conoentratcon of 

ts 2.3 « 10^2 atoms cm"^ wHh the resistance at 27**C 
t>e3ng 236 Kilo-oJhims, In efi:ch case the measure- 
mems wer® made wWh t^e reference elecbrode 18 
M 0 volts (earthed or grounded) and 5 volts be- 
tween the first artd second electrodes 16 and 17. 

so The last mentioned devtce electrodee 16 and 17. 
The last mentioned dQvk» illustrafdd by Knes c and 
c' had the iowest pincti-off voltage and, at 5 volts, 
displayed the most significant JFET like effects. 
As can be seen from Figures 2 and 3, the 

25 change with temperature T of the temperahre co- 
efficient « that Is the stops Aa/AT for these devices 
1$ very small so that the relative temparature coeffi- 
clent, referred to the measurement temperature, is 
virtually constant tt t$ believed thsit this results 

30 trom the interaction of the tempermtmr© dependence 
of the resistanoe of ttta third region 115 and that of 
the JFET-IIke simolure formed by tho second and 
third r&gions 14 and 15. 

To dive a specif^ example of a iresistor in 

35 accordance with the inverttlon, where the epitasial 
laryer 13 is abowt Siim (mccromelras) on thictatess 
and G^s a re^stlvity ^MttSi e7i>ab1es it {lo withstand a 
voltage of sbout ^V, ^n the seocmd m6 third 
r^lkms 14 a«id 15 may be formed by Smplantirtg 

40 first tjoron ions at a does of 2.3 k 10" ions cm^ 
with an energy of 170KbV (KIteelectron volts) and 
then arsenic Eons at a dose of 1^ x 10^^ kms cm'*^ 
with an eneigy of ITOKoV through a thin (generally 
300A) oxid® layer such that the peak Of the boron 

45 implant lies at about 0,5*Am (micrometres) below 
the aurfaee of the s®miconductor body 10, The 
implanted impurities are then caused to diffuse into 
the semiconductor twjdy to by heating the semi- 
conductor tjody 10 to a temperaiur© of about 

so iiQCfC (degrees Celsius) for about four hours so 
that the second region 14 ties a depth of about 
2^m (with its peak dopant concentration iust below 
ttva surface) and the third region IS Dies a depth of 
atK>ut 0-3 to 0.4ubm< A region Storming usirtg ^ 

55 came condlfiaons as thos® descritTsd above for the 
second r^ion 14 bm without the tWrd region 15 
was found to have a resistance of 5kD. a 
(Ktloohoms per square) and a temperature coeffi- 
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cient of resistance, refdrenced to room tempera- 
tiirG, which changed by 0.7 or 0.8% per Hn 
constrast the resistor (complete with the third re- 
gion 15 formed within the second region 14) was 
round to have a resistance (in the third region 15) 
q9 IONQ, d ^ «ind a d^fle?CTtU)l tempers^re ooaffi- 
client of resistsnce referertoed to the preoed- 
Irrg temiperatMr© which chiartg^tH by 0-4% p©<r <hc so 
that the t^permure coeffccient v?3th respect no 
room tempsrature v^s octualiy (teJIing eVigMy, 

Figure 4 illustr&tes one example of a tempera- 
bira sertsing circuit HOO luitilising temperature sons- 
iotg devOoe ^ ecco^dence with the ifwentN>n. On 
this ODcample tour such temperature sensing de- 
vices Mfl2JR3 end R4 are used. 

The femperatufe sensing clrourt 100 has first 
and second power supply Banes 1 and ^ The first 
power supply line 1 is the positive and the second 
power suppsy Qine Z the ^^ative supply line, ^n- 
drsilly ©arth in this exaonple. 

In this ^ncampte, four temperature sensing de- 
vioes Rx which aie shown es resistors R1 to R4 ^re 
arranged in e Wl'heatstone bridge corwiectsd be- 
tween the power supply Bines 1 ar&d 2. The first and 
second lesisiDrs R1 and R2 are provided in op- 
posite arms of the Wheatstone bridgei. The third 
and first resistors and R1 are connected in 
seroes betv^een the power supply lines 1 end 2 e$ 
are the second and ^ut^ s^esiistors B2, ®nd B4 so 
thai^ as shoiivn in Rgure 4» t3ie second and third 
resistors and IH3 are connected to the first or 
positive suppdy Hrte 1 whilst the %t$X end fourth 
resistors R1 and R4 are conrtected to tlie second 
or negative supply line 2. 

tn the dmiit ehown fn Rgure 4. a first n- 
channel MOSFET Q12 is connocsed in series be- 
tfff&Sft\ the resistofs IF^ sid R4 so ^at its soitrcs Is 
connectad to -resistor R4 and its drain to redstor 

A second n-channel (MOSFET Old rfiatched or 
similar to WiOSFET Q12 is connected between the 
resistors R3 and R1 with its source connected to 
tiie resistor R1 and its drain connected to the 
resistor R3. 

The oatee of the two iviOSFEFs Q12 and 013 
are oonnedsd together at e node 13 and the gate 
of the MOSFET Q12 is connected to Hs drain at 
node 4. The node 4 is aleo oonnected to one Input 
o? a oomparator 3 while a node & between the 
relator R3 and the drain of MOSFET Old is con- 
nected to the other input of the comparator 6. The 
comperator 6 may have any suitable form aithough 
it is prefen-ed that the use of p-channel iwioSFiETs 
and tj&polar trandstors be avoided. 

The opsratEon of the cfrcuit shown in Figure 4 
win rtoc? tte dascrftsed assuming* In the interests of 
simplicity, that the gain of the MOSFCTs Ql2 and 
Qi3 is very high eo that their gate-souroe voltage 
Vgs is needy constant. When the resistors R1 to 



R4 are all at the same temperature B3 = KR2 and 
R4 B KRi with K being, for example, about 1J. If 
the current through resistor R2, MOSFET Qt2 and 
resistor R4 is defined as 1' Ihe cufrenl 1" riowinQ 
5 through resistor R1 Is approximately (R4/Ri)|' = 
Kl*. Int8 vottsge acfliDSS resistor R2 is Q'F^. The 
vottsge across resistor R3 is 1"^ = KTRd - 
K2a*n2. The difference on voltage between the 
nodes 4' end 3' is therefore: 

to 

a i'R2{1l-KSf) 

As the temperature of the hot resistors R2 and 
R1 increases the value Of K will decrease unltil » 

jB 1 When the temperature diffarenoe between the hot 
resistors R2 and Ri and the cold resistors IR3 and 
R4 reeches the critical value. At this point the 
dSffersrtce in voltage AV » 0. As the temperature 
of the resistors Rl aa^d F^a icroreases further the 

20 resistance of the resistors RH ^nd R2 wiP exceed 
that of ttie resistors R3 and 1^4 and the COmpsfrstor 
8 will provide a signal for switching off the active 
semiconductor device 

The incorporation of the current-mlrro?' con^ 

2S nected MOSFBTa QiZ and Old enables a larger 
differential gain which results in a lower accuracy 
requirement for the comparator 6. The circuit lOO 
shcuCd havo a high sensitivity tiian the drcyiit 100* 
described below ^AHth refierance to Rgure 8 and 

3D thus may be useful where the resistors Rl to R4 
fiav@ a entail tanparattiire coeffident of rssistance 
or a high noise margin which charactaristEcs wSDl 
primarily be determined by the process used to 
fomit the resistors. 

3$ Figure & is a cross-sectional view of port of the 
semicondudtor body 10 fbr llluatrating the integra- 
tion of (the dmSt 100 wish a pomr serracoTKSuctor 
devcee 11 such as a power 6M0€IFET, n wiQ of 
course be sippreciated thaft only pairt of t&te etruc- 

40 ture is shown In figure 2. The intercoftinecaions 
tjetween the various components are not shown In 
Rgure 2. The interconnections between the various 
components are n&t shown in (Figure 2. 

In the a»ample of Figure 5, the semicondiicdor 

4S body 10 comprises a retalively highly doped n 
conductivity type monocrystalfine silicon substrate 
10b onto which is provided the retatlvely lowiy 
doped n conductivity type epita>ci£3 flayer US. m this 
example the power semiconductor device is a verti- 

50 cal power MOSFET 11 which consists of very 
many (hundreds o? i^housands) parsJiel-connected 
source cells sharing s common drain drift region 
provided by tihe epSta^cial laye^r t3. The reOatively 
hsghly doped si^straile provides a drain con- 

55 tact region which maizes chmic contact to the drain 
electrode 31. Each source call comprtsss a p ccr^ 
ductivrty type body region 32 within which is 
formed on n oondtjotivity type source region 33. in 
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thid case, the btKfy and source regtonis 32 and 33 
may b© formed In a self-aligned manner by using 
Ih© insulatad gate structure 34 of the MOSreT as 
a mask so as to define the conduclion channel 
region 35 of Uha MOSFET by the retdtive diffusions 
of «to «mpurtti99 Introduoad to form ths body and 
souira regions 32 arul 33. The itmly itagion 3St may 
have a more highly doped central rofijion 32a. 

frt this oKdfVtple, the power eer? SeorKSuotor de- 
vice in Is to form a low sMe switch and accord- 
mgly the source metallJsation 38 (whicfi also shorts 
the source region 33 to the body region 32 to avoid 
f^asrtio bipolar action} may be connected to «iarth 
while the drain electrode 31 will be connected to 
the load- The gate metatliBaflon la not shown In 
Rgure s. 

As Indicated above, each temperature sensing 
device Rl-to R4 Is formed having tts own separate 
second n&gion 14. As <h$ resSstors Rl to R4 are the 
same fn stnjctune only one resistor IR1 is shovvn In 
Figure 6. Hlowevw, it may be possible for the two 
•hot* resistors Rl and R2 to a comnnon 

secorKj regson 14 positioned at portion PI which 
may as shown in Figure 7 be adj&cent tie periph- 
ery 12 o? the active de^oe 11 or may actually be 
surrounded by the povtrer iMOSFET source cells 
and eo poslfidned oentraDly wnsiin the powfer MOS* 
FET 11 which should enable a more accurate de- 
tection of the temperafiure at Ihe centre of the 
power MOSIRET 11. 

The coBd resistors and R4 may ba provided 
in a single second region 14 remote from the 
powOf MOSFET 11. The MOSFETs Ql2 and Q13 
may be l!b7miS)d in the same second region as the 
GoUd imstors R3 M R4. As tndicaM above each 
second region 14 Is relatively towly dapad and fnay 
tor ensimple have a surf^ dopem conoentratkHi In 
the region of 11 to 13 x 10** afioms cm-* wheaie tfits 
dopant ie boron. 

Tlhe iQFETs 012 and Q13 both have a similar 
structure and accordingly only one IGFET Q12 Is 
shown in Figure S. As can hQ seen from Rgure 5, 
the OGfi^ Q2 has n oonducHvity type souoice and 
drain regions 40 and 41 formed m an autoaSlgned 
manner, using tfie insulated gate 42 as a mask, 
with a single implantation. The sovrce. drain and 
gate metailieatfon S, D and G are provodad in 
conventional manner. TT« bade gates of MOSFETs 
Q12 and Q13 wiDI In this case be oimnect&d to the 
negadve supply lino 2 by means off the reference 
electrode 18 contacting ttie second iroglon 14. 

(Rgure 6 bilustrates graphicaily the change in 
tomps^ranur© from «he centye to iSho ©dg© of a 
typical aclive semlcondtjictor devtee such ae a pow- 
er WIOSFET woth a seurceKlrain vG9ta!Q;8 of 21 voats 
and a power of dissipation of 3G0 watte when for 
example an overload of small re^sianoe (lor exam- 
pie about lOOmfl) is applied between the power 



MOSFET and ground (earth). 

Under such conditions where a relatively small 
resistance overload Is so applied, the temperahire 
at the centre of the power MOSFET will rise rapidly 

s whereas the temperature in the bulk or remainder 
of the semlcojiductor body will rise only ©lowly. 
Accordingly, as Ifilustrated in Figtm 6. a steep 
temfyeraAUTB gradiervt occurs adjacent th© periphery 
12 of the power MOSFET. By tocofting the first and 

TO second temperature sensing devices R1 and R2, at 
a first position Pi adjacent, generally Just outside, 
the periphery 12 of the power MOSFET and the 
third and fourth lemperatUTe sensing devices R3 
and R4. at a second position Pa further from the 

75 periphery 12 of iSte active device 11 wh©rs the 
temperature is only changing slowly. If at g^n, the 
temperatuns gradient at the peripht&ry of the power 
MOSFET can t>e detected and when it reaches a 
certain value the pocver M08F6T can b& switched 

20 off by the circuit descnlbed with referonoa to Rgure 
1. 

As indicated abovo. the temperature sensing 
circuit 100 is Integrated in or on the same semicon- 
ductor body as the active device, in this e)<ampie a 
2S power MOSFET. Figure 7 indicates very schemati- 
cally a pian view of the top surface off the semicon- 
ductor t)Ody 10 to show the relative iocattons of the 
periphery 12 of the power MOSFET 11 1 and the first 
and second temparamra sensitive devioee R1 to 

30 R4. TypScally. where the power MOSFET la a verti- 
cal OWaoSFET having a surface area of I0mm= and 
oonsistiiitg of. fOr exampiB, 10/)00 to 20.000 (parallel 
cells, then the 'hot* temperature sensing devices 
R1 and R2 may be positioned at a first positiori Pi 

95 which Is I254inft distant from the i\/108Fl&T periph- 
ery 12 aKhous^ as indicted above^ the resistors 
Rl to BU ocuW be provkZsd amongst Che source 
oeas of ttta power MOSFET Tlhe "cold' tem- 
perature sensing devices R3 and R4 may be posi- 

40 tioned at a second position 1l25um dstsfit 
from the periphery 1 2 of the power MOSFET 11 
and the reslstences of the temperature soneitivo 
elements Ri to R<^ may be selected such that the 
comparator 6 provides a high Output signal resulh 

45 ing in a low signal OT to switch off the power 
MOSFET 11, when the temperature gradient be- 
tween the first and second positions Pi to P2 
reaches 25*^0. in this SKampie* the resistors IRI and 
82 may have a rasistence vtfhich is» for example. 

50 0.9 times lihas of the resistors R3 and FM. it should 
be understood that the reference to the periphery 
12 of the power WOSFET means the last row of 
cells and that the above measurements are talcon 
e>etween th© periphery 12 and th© centre off the 

S9 resistora forming the terripersaure sensing devices 
Rl to 

(Figure 8 Illustrates the circuit diagram of an- 
other form of temperature sensing circuit 100* 
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which may be uwd where complementary MOS 
technology Is ed^ly applied and where, for osxam^ 
pie. the active semiconductor device f i is a povver 
MOSFET forming a high side Switch that Is where 
the MOSFET 1 1 i& connected between the positive 
supply dine i mid th^ load. 

As in ithe ^siample shown an (Fcgim the 
circuit 100' has positive and negalSve supply lines 
1 and 2 «nd uses a Wheatstone bridge amange- 
ment comprising four temperatura sensing devices 
or resistors R1 to M eimiler |o those shown in 
P«guro3 t2.4 and 7 with again the resistors Hi and 
R2 fotfwiing «he 'hot' resistors srt position P1 and 
iho resistors R3 and R< forming the cold resistors 
al position In this example the MOSPETs Q12 
and Old are omitted. 

IThe Oi^tputs from the Wheatstone bridge ar<& 
taken Irom a first junction 4' between the third and 
Usl (resistors IR3 arid R1 and a second Junction 3' 
betts^eert fiha second and fourth reslators R2 and R4 
snci are stipplied as respective Inputs to a com** 
pAratcr 3 ^rch provides a control signal to switch 
off the stetove semiconductor device 11 when the 
t^age st the Hirst function 4' exceeds the voltage 
at the second junction 5*. 

?n this esample, the nesrstors Ri to R4 are 
selected such that when ah four resistors R1 to R4 
are aa the same temperature the 'hot* first and 
aeooruS resistors Ri and R2 are of lower (realstanoe 
than the thard and fourth resistors R3 and n4. Thus, 
raher) thera os no temperature diflierence between 
Qhe first and second temperature eenai^ devices 
(R1,R2 and R3,R4, the voltage at the second Junc- 
tion S' 03 higher than the voltage at the first junction 
4' and the Whsatslone bridge does not reach a 
balance (that os ehe p<^nt at ^ich toto vottages at 
the ^rst and secojtd functions 4' ar^ aire equal) 
until the temperature o^ the first and seoond resls- 
lors RI and has inoreaeed sufficientty for their 
reelstanoes to equal the resistances of tfie rec^stors 
Rd and 

By selecting the relative values of the teslstors 
R1,H2 and RaR4. the temperature gradient be- 
tween the first and second temperature serwing 
devioes RI ,R2 and R3.R4 at which the comparator 
6* provides a control signal to switch off the active 
device 11 can be seledted. The respedtvve values 
of the resistors Ri and n2 and the resistors HS and 
R4 Tflnil (be dependem upon many vairlabCes such as 
the characteristics of the resistors and other ele- 
merrts Of the circuit and the respective distances of 
the Q^istors from the periphery 12 of the active 
semtoonductor devtos 11. Qn this e^amp^, the re- 
sistance of the resistors RI ®nd R2 (increases with 
t0fnjp®ralur© in such a fnanner that a (b^lamso is 
reached when fltrere is a tempe^rature difOerenos of, 
for (the values given above, 25»Cbetwwni the first 
and second temperature sensing devices. Any tem- 



perstfure difference exceeding this value will cause 
the active semiconductor device to be switched off. 

In the circuit shown in Figure 8. the comparator 
6 comprises a differential pair or mstched U-ansis- 

5 tors Ol and Q2 which form the input transistors of 
the comiperator 6*. in this example, the transistors 
Q1 and Q2 are n-^^hanned WiOSFETs with their 
gates Gl and 02 ooT^nect^ to the first and second 
junctrans 4* and 5*. respectiveOy- The comparator 6' 

10 also iinc(udes two p-channei matched I^A08FETs 
03 and Q4 having their source etectrodee con- 
nected to the first supply fine 1. The gate elec- 
trodes of the MOSFEte Q3 and Q4 are connected 
whilst the gate efectroda of MOdFET Q3 is also 

T6 connected to its drain. The MOSFETs 03 and Q4 
thus provide a current mirror arrangement andi with 
their drain eltsctrodes connected to respective ones 
of the drdn electrodes of the iW]OSlF£Ts Ol and Q2 
provide an active load for fhe difierential pair Ql 

30 and 02. 

The sources of the MOSFETs 01 and 02 are 
connected to the drain of an n-channei MOSFET 
05. The source of the MOSFET 05 is connected to 
the second or negative Supply line 2 whilst its gate 

25 is connected to the gate of a gate-drsiin connected 
n-channel MOSFET Q9 which is connected in se- 
ries with a GonventHonal currant source I which 
rroy, in tlhtis exaniple, be a resietor (typically with d 
resistance of 200 SQlo-ohme) connected between 

30 the supply l'ii«3 'I ^ because. In this estample. 
me vottagea on the supply lines i and 2 are fixed. 
Attemalively, s suitabSe conventional external cur- 
rent source may be connected between the supply 
lines 1 and 2. The current source I forces ourrent 

ss into MOSFET Q9 and this ounrent is mirrored In 
MOSFET OS ttfhich thus acts as a current source 
of a vaUue deteinmined by the extdmal ourrent 
source 0 tor She different^i amplifier comparator er. 
Other suitable structures may, of course* 1;^ used 

40 to form the comparator 0*. 

The output 7 of the comparator 6* Is supplied 
to the gate of a p-chennet (MOSFET QB which has 
its source connected to the first supply fine 1 and 
its drain connected via an n-channel WOSFET Q7 

46 to the secorrd supply line 2. The gate off «he n- 
channel WOSFET Q7 os. like that of IMOSFET Q5, 
coffmected to the oxterr>al current source I and thus 
simllariy acta as e cmrent source of a value deter- 
mined by the exsemal current source I The IMOS- 

so FETs <^,Q5 and 07 are integrated together so as 
to be similar. It should be urtderstood that, as used 
herein, the term *sinntlar means that the devices, 
for example transistore. are integrated together so 
as to t^e matched or else so e$ to S^ve a hnown 

S5 ratoo '6t eftecHnve iunctkxi areas so that Che current 1 
provtded t>y the current soiMce throisgh the (MOS- 
FET QS> \9 mlrrtsred in the MOSFETs OS ©nd Q7 
with the currents through Q5 and 07 being either 
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equal to (wnar^ the transistors are matched) or a 
known muMpie of the current trough the MOSFET 
Q9. With appropriate modification of component 
values. It may be possible for the MOSFETs Q1 
and Q2 and 03 and CK forming ihe comparator 6' 
to have (tnowrg ratios of eWectSve junction ansae 
rather than be iprecisoly matched, "nue drain otf Hho 
p<:hannel WOQFET 08 providee, via Mne B, ih« 
control 8lgnall OT for corrtrolHng llJie operafflon of 
the active semrconduetor device 11 (Rguro 3). On 
additSon the drain of p-channel MOSFET Q8 Is 
connected to a WOT gate 9 In the form of an 
Inverter which drives the gal© of an n^annol 
enhancement mode MOSFET Qi1. The n-channel 
MOSFET Oil ie connected in series with a resiistor 
R5 and the aertes circuit of the n-ohannol MOSFET 
Q1 1 and resiator RS is connected in i>arallel wSth 
the fourth temperature senafng device R*. 

Resistor RS. MOSPET Oil ansd Inverter or 
NOT gate 0 provide a hysteresis csrcurt ^0. Thus, 
when tthe signal on the output 7 of the comparador 
6 is high providing a low output signal OT from the 
MOSFET Q8 for turning off the zsc^e devio© 1 1 , 
the WOT gate 9 provides a high input signal to 
switeh on the WOSFET Oil, so connectSng tihe 
resistor R5 In parallel with the fourth temperature 
sensing device R4. This reduces the effeciivo m- 
sistanoe of the fourth temperature senang diovice 
R4 so that the temperature of the first and second 
heat sensitive devices R1 and R2 has to drop to a 
second predetormlnad value, typically 2X3^0 
(degrees Celsius), below the predetennined value 
tiefore the output of the comparator 6* again goes 
low to paxyvlde a Wgh agnai OT to switch on tine 
active device 11, TWs tiystare^s circuit 20 pre- 
venQe the temperature een^ng drcuit 100 hunting 
or cycling, that is continually causing the adHvo 
semiconductor dJevfoa to ewltoh on and ofV, with 
emalQ temperature changes. 

In operation of the temperature sensang circuit 
100 shown In Hgure 8 when there is no tempera- 
ture difference Ijelween the resistors R1 to R4, 
then the voltage at the second junction 5' will be 
higher Ittan that at the first junction 4' because, as 
dSscusaed above, of the ratio of the resistances, so 
that the comparator 6 provides a tow output on 
output Kne 7. The MOSFET 08 Is thue on and the 
outjptrt signal OT Is wgh. As tho temperaSure off the 
resistors flu arkd R2 increases so does thefcr resis- 
tance and at a temperature selected by the raflo^ of 
the ratio of nhe resistors the bridge win com© into 
t>aiance. As the temperature of the resistors R1 
and R2 Increasss Ifimher the resistance of the 
temperature een^itive devices Rt and R2 will be 
greater than the reSDStsnco of the temperature sen* 
sitive devices R3 and R4. so causing the voltage at 
the fir«i Junction 4' lo exceed that at the sooond 
junction 5*. TypicaWy, this will be arranged to occur 



when there is a large, typically 25«C. temperature 
difforence between the first and second positions 
Pi and P2. In such circumstances, the comparator 
6* produces a high ouipul signal on output line 7 to 
6 the gate of p-Channel WIOSFET 08 SO that the 
MOSFET Q8 is off and the circuit 100 provides a 
low output signal OT for switching off the active 
device in this case the power MOSFET 1 1 shown 
schematically fin Figures 5 and 7. As mentooned 
f 0 above, at this time, the NOT gase © provides a high 
signal to switch on the WJOSFET On so connect- 
ing the resistor RS in parallel with the fourth tem- 
perature sensing device R4. 

As the power W08FET 11 has now been 
IS switched off, the sennperature difference between 
the first and seconjd positkMis Pi and Pa will begin 
to decrease and when iSila temperature difference 
drops suffidentHy* io reach the e&cond lower pre- 
detennined value detenmined by tho resistor RS. 
20 the voKage at the second junction 5' will rise above 
that at the first junction 4' causing the comparator 
6* to provide a low output signal to thd gate of the 
CMQOSFIEr Oa. so switching en the ft^OSFET Q8 and 
providing a high output signal OT to switch on the 
2$ active device 11 . At the same time, tho lnvo?t©r or 
NOT gate © provides a low Signal switching off the 
MOSFET Q11 and so dlscamecting the resistor R5 
SO that the comparatDr 8* will again pro«vide a high 
output signal for switching <^ fte active device 1 1 
90 when the first higher predetermined temporature 
difference is reached. 

It should of course be apprBdaied tJtat tem- 
perature sensing devtoes In accordance with itie 
Invention may be used In tamperature sensing cir- 
35 cuits other than those sho^ in Figures 4 and 8, for 
exampte to form me resistor R1 cf the temperahjre 
sensing dwxiit described in EiP-AraS9530- 

In arfdifion, of courss the conductiivlty typo, 
given above cwaCd be ir®versed with approprtete 
40 reversal of pdlarltiles. Also the acfive eemiconductor 
device 11 may be other than a power iWOSFET, for 
example It could be an IGBT. 

From reading the present disclosure, other 
modifications end variations will be apparent to 
4,5 persons skilled \t\ the at. Such modWScattons and 
variations may invoh/e o&ier features which are 
already known In the semiccnductor art end which 
may be used instead ot hr\ addition to teatures 
already descrtbod harwn. Althouigh clelms have 
90 been tom^uIiatBd in ms application to partficular 
combinations of fixtures, It should be understood 
that we scope of the disclosure of iffw present 
application also Indudas any nowSI tealwre or any 
rtovel combination o? teaftiwes disclossd hersin el- 
65 thBT explicitly or impUeSily- whether or not it ralates 
to the same invention as piessntly ctelmod in eriy 
claim and whsther or not it mitigates any or alt of 
the same lechnteal problems as does the present 
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Invention. The ^ppiic^nts nenaby g)ve notice that 
new claims may be formulated to such features 
and/or combfnatlqn3 of such features during the 
prosecution of the present application or of any 
furttier eppiication derived liierefrom. 

Clsilme 

1* A ftswrtperature sensirtg device <oainpriwn3g a 
semioortductor body having e firu r&0on of 
one conductivity type adjacent one major sur- 
face within wMch is formed a semiconductor 
device having a resistance wttich variee with 
temperature, characterised in ^at the semicon- 
ductlor device comprises a second region of 
the opposite conductivity type f6rmed withtn 
the ^rst region and a third region of the one 
cor>daflCtivtlty typs formed within the second re- 
ason, tiret and second electrodos spaced-apart 
on 1lh9 third region so that s resistriiAa path is 
provides by the third region betc^fean the first 
and eecond etectrodes and a reference elec- 
trode f07 connecting the second negion to a 
reference potential, the impur% concentrations 
^fvithin the second and third megions tieing such 
that the teTnperatuie coefficient of (resistance 
changes with at^soHite temperature so that the 
relative temperature coefficient of resistance 
refetrad to the sensed temperature is substan- 
tially constant* 

2. A temperature sensing device according to 
claim 1 , wherein the second region has a sur- 
face impurtty concentration in the region of 10 
to 13 X atonas cm"* and the tiWrd region 
h^ a surface impurity concentration in the 
region of 2 to 3 kIO^^ atoms cm''^. 

3. A temperature seimsir^ devSce acoorcfing to 
claim 2. wherein the second regson has a sur- 
face impurHty conosntraticn of 13 y 10^^ atoms 
cm-« and the third region has a surface impu- 
rity oonoontratioft of 2.7 it atoms cm-^. 
the secoind region having a depth of about 
2ua> end the third region having a depth in the 
region of 0.3 to 0.4um- 

A temperature sensing circuit for sensing the 
temperature of an active semlcondu>ctoT device 
which circuit oompTises at (east one tempera- 
ture sensing device in accordance with Ci^m 
il<2 or 3 provided at a first position adjacent 
tlie active eemioonductor device, at least one 
other temperatuira sensing cflevloa In accor- 
dcnoe with Claim 1.2 or 3 provided at a sec- 
otmS position (remote from the active semicon- 
ductor device and means responsive to the 
temperature sensing devices for pqovfding a 



control signal to switch off the active semicon- 
ductor device when the difference in the tenr>- 
peratures sensed by the at least two tempera- 
ture sensing devices exceeds a predetermined 
5 value. 

& A temperaiture sensing circuit for sensing the 
temperature of an active semiconductor device 
comprising fjr^ and eecond temperaiwre sens- 
10 ing devices in acconSanoe with Ciaim 1^ or 3 

at a first position adjacent the active semicon- 
ductor device and third and fourth temperature 
sensing devices in accordance with Claim 1.2 
or 3 at a second position remote from the 
fs active semiconductor device, the temperature 

sensing devices l^eing connected in a Wheat- 
stone bridge with the first and third devices 
and the second and fourth devices, respec- 
tively, connected in series between first and 
20 second supply lines and with the second and 

third devices connected to ttt9 first supply line 
and tfie means for comparing a first signai 
representing the voltago at a first junction be- 
tween the third and first devices and a second 
25 signei representing ^e voltage at a second 
junction betiiveen the second and fourth de- 
vices and for providing an output signal which 
provides the control signal to switch off the 
active som5co*tdaictcr device when the differ- 
so ence between the first and second voltage 
signals represents a temperature difference of 
the predetermined valtie. 

6. A temperature sensing circuit according to 
S5 claim 6. further comprising a transistor having 

its main cunent path connectsd between the 
first {unction and the fSrst temperatura asnsSng 
device and e«rtother transistor Slaving Its main 
current path oortnocted tiet^een the second 
40 junction and the feur^ temperatmre sensing 

device with the gates of the transistors being 
connected to one another and to one of the 
first and second junctions. 

45 7. A temperature sensing circuit according to 
dalm 6 or 6, wherein the comparing means 
comprises lirst and second transistors having 
control gatos connected to the first and second 
junctions, respecaSveOy, a current mirror ar- 

50 rangomont connected between tihe first supply 

line and one main electrode of each of tfie first 
and second transistors and current source 
means connectod to the other main electrode 
of each of tihe first art^ second transistors, the 

S5 controO signal being supplied via an output 

conneotion from the me msdn electrode of ttie 
secortd transistor. 
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A temperature sensing circuit accordiriQ to 
claim 5.6 or 7. wherein a resistance in series 
with switch mesins is provided across the 
rourth lemperaturo sensing device wllh tlie 
switch means being controlled by the output 
signal of the comparing mean9 to connect the 
res^tance In parallel with the fourth tempera- 
ture sensing device when the temperature dif- 
ference exceeds the predetermirwd value for 
preventing the active semiconductor device 
from being switched on again until the tem- 
perature difference has fallen to a second pre- 
determined value below the predetermined val- 
ue. 

A temperature sensing circuH according to any 
one of claims 4 to 8. %vherein the active semi- 
conductor device comprises a power insulated 
gate field effect device integrated in the same 
semiconductor body as the temperature sens- 
ing devices. 
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10, An integrated circuit vtfhenever incorporating at 
least one temperature sensing device in accor- 
dance with Claim 1 ,2 or 3. ^ 
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FIG.5 
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